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Ⅰ 緒 言
関節の位置情報は末梢要因として腱と関節の感覚器の貢献は少なく，伸筋と屈筋の筋紡錘（Goodwin et al.,
1972; Roll & Vedel,1982）と伸筋と屈筋を覆う皮膚の伸張受容器（Edin & Johansson,1995; Collins et al.,
2005）からの入力のバランスに基づいている。中枢要因として遠心コピーが考えられ，遠心コピーは運動の期待
値を感覚系に送ったものであり，実際に起こった運動の結果と比較され，身体図式の更新に貢献すると考えられ
ている（McCloskey et al.,1983; Gandevia et al.,2006）。
このような過程を通して，我々は自分自身の四肢の姿勢を感じ，さらに視覚的にも確認できる。日常生活では
ヒトは四肢を見た（視覚的評価）位置と同じ位置にその四肢を感じる（固有感覚的評価）が，このような感覚情
報はプリズム（Harris,1963; Martin et al., 1996; Redding & Wallace,1996）や鏡（van Beers et al., 1998,
2002）を通して見た時に矛盾を生じる。多くの研究はこの矛盾を解決するために1つないし2つの感覚の適応を
見出しており（総説として Henriques & Cressman,2012; Simani et al., 2007），ヒトは新しい視運動地図を学






に限って当てはまる（van Beers et al., 1999）。固有感覚は方位より深さに正確であるが，視覚は深さよりも方
位に正確である（van Beers et al., 1998,2002）。重く重みづけられる感覚ほど，適応しないので（Ghahramani
et al.,1997），固有感覚は方位よりも深さに適応しない（van Beers et al.,2002）。













到達運動に替わって（Henriques & Cressman,2012; Simaniet al., 2007; van Beers et al., 2002），本研究は
仮想環境の腕の位置感覚に与える視覚と固有感覚の可塑性







Figure1. Experimental setup. A : Side view of the experimental setup. Participants were fitted with dual 3D head−
mounted displays. A video camera was fixed above the right acromion to shoot a video of the right arm extended
by the participants. A video shot by a camera was presented on a display.To fix the participants’ heads and
trunks, their chins were put on the rest and their trunks were attached to the rest. B : Top view of the virtual
feedback setup and a fake arm position presented by dual 3D head−mounted displays. Participants were seated on
chairs facing the three−dimension tracking system. In the measurements of posture, the participants extended both
their arms in the abducent direction at the height of the shoulder and then put their arms on a table. Regardless
of the position of the actual arm, it was seen on a display as extended horizontally from the trunk. To withdraw
visual information except for the arm on a display, a black board was set in front of the arm. The participant’s




































左右の肩関節の角度は赤外線トラッキンングシステム（OptiTrack V120, SenzTech, Beijing, China, pixel










































Figure2. Means and standard deviations of a change in the perceived shoulder position and in the perceived posi-
tion of the arm on a display during 30 min under three conditions. A, B, and C : Schematic of changes in per-
ceived arm positions during 30 min. Participants fixed the position of their shoulder joint in 0°（A）,30°（B），or
60°（C）in the adducent direction. While the grey arm indicates the fake arm on the display, the white arm indi-
cates the perceived arm. D, E, and F : Means and standard deviations of a change in the perceived shoulder posi-
tion（open circles）and the perceived position of the arm on a display（solid circles）. Dashed lines indicate the tar-
get positions under each condition. When the position of participants’ shoulder joint was fixed at 0°（see A）, the
perceived arm position gradually approached the fake arm position by 15 min and then stabilized at a value be-
tween the actual and fake positions.When the position of participants’ shoulder joint was fixed at 30°（see B）, the
perceived arm position gradually approached the fake arm position as time passed. The perceived arm position
more closely approached the fake arm position as an increase in the difference between the actual and fake arm
positions. Surprisingly, while the difference between the actual and fake arms was90°（see A）, the position of the
arm on the display was perceived as approaching the abducent direction（the position of the actual arm）.










せた（Baraduc & Wolpert,2002; Ghahramani et al.,1996; Magescas & Prablanc,2006; Simani et al.,2007;











被験者がその腕を左に押すような力に適応した後，腕の位置感覚は右に変位した（Ostry et al., 2010）。この位
置感覚の変化量は最大変位に対して11％であり，平均変位に対して33％であった。したがって，本研究の固有感
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Visual and proprioceptive signals conflict when looking through a prism or at a mirror. The present study
examined the weighting of the vision and proprioception of arm position by ten participants fitted with
dual 3D head−mounted displays. A camera was fixed above their right acromion to photograph the ex-
tended right arm. The participants fixed their right shoulder joint at 0°,30°, or60°in the adducent direc-
tion while their right arm was presented on a display as extended horizontally from the trunk for30 min.
To examine the effects of vision on proprioception, participants demonstrated the perceived position of
their right shoulder using their left arm. To examine the effects of proprioception on vision, they demon-
strated the position of their right arm on a display using their left arm. The perceived arm position more
closely approached the fake arm position as the difference between actual and fake arm positions in-
creased. While the arm position is coded by vision more dominantly than by proprioception, the proprio-
ceptive estimates were adapted to match the visual estimates. If the difference between actual and fake
arm positions was90°, the perceived arm position stabilized at a value between the actual and fake posi-
tions. Surprisingly, the arm position on the display was very gradually perceived as approaching the actual
arm position as time passed. These results indicate visual and proprioceptive adaptation to visual−porprio-
ceptive mismatches of the arm position. The magnitude of the perceptual distortion is larger for proprio-
ception（20％）than for vision（under10％）.
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